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above-identified application. 
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SPECIFICATION SbSwCbaD^fedg 

SEMICONDUCTOR LASER DRIVING DEVICE, OPTICAL HEAD 
DEVICE, OPTICAL INFORMATION PROCESSING DEVICE, AND 
OPTICAL RECORDING MEDIUM 



TECHNICAL FIELD 

The present invention relates to a semiconductor laser 
driving device for recording, reproducing, or erasing information 
on an optical recording medium (including an optical magnetic 
recording medium) such as an optical disc and an optical card, an 
optical head device including the device, an optical information 
processing device, and an optical recording medium. 



BACKGROUND ART 

An optical memory technology which uses optical 
recording media having pit-shaped patterns as high-density and 
high-capacity recording media is increasing its applications to 
wider ranges such as digital audio discs, video discs, text file 
discs, and also data files. The optical memory technology records 
and reproduces information on optical recording media such as 
optical discs via finely condensed optical beams. 

Its fundamental recording mechanism is briefly described 
as follows. For example, in the case of recording information 
onto an optical disc made of phase changing material, light with 
power relatively higher than the light irradiated in the case of 
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reproducing information is irradiated onto the optical disc. The 
light irradiation induces a phase change in the material of the 
recording surface to create areas having different indexes of 
reflection, with the result that information is recorded or erased. 
Further, at the time of reproduction, light in an amount small 
enough not to induce the phase change is irradiated onto the 
optical disc. The reproduction of information is performed by- 
detecting the change in the index of reflection of the irradiated 
light. 

The recording and reproduction operations described 
above exclusively depend on their optical system. Basic 
functions of the optical head device, which is a main constituent 
element of the optical system, are roughly categorized into a 
converging function of forming minute spots of a diffraction limit 
by use of the light emitted from the light source, a focus control 
and tracking control function for the optical system, and a 
function of detecting pit signals. These functions are realized, in 
accordance with their individual purposes and applications, in 
combination of various optical systems and photoelectric 
conversion detecting methods. 

One of an element constituting the basis of the optical 
system is a light source. In general, a semiconductor laser is 
preferable as a light source for collecting light up to its diffraction 
limit. In an optical head device, a small-sized semiconductor 
laser is mainly used as a light source. In order to perform 
recording and reproduction with high reliability, the 
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semiconductor laser to be used as a light source of the optical 
head is naturally required to have low noises. 

Semiconductor lasers are roughly categorized into two 
types : a single-mode laser and a multi-mode laser. Among them, 
the single-mode laser has a problem that the wavelength of its 
emitting light is discretely changed due to the influence of the 
light returned from the optical disc and the like (referred to as a 
mode hop), and the change in the light amount accompanying the 
wavelength change is contained in the recording and reproducing 
signal as a noise. If the semiconductor laser is of a type that is 
largely influenced by the returned light, a large influence also 
appears on its laser oscillation itself. In this case, its oscillation 
may be unstable and its output may largely vary. In this state 
as it is, the recording and reproduction are also unstable, 
resulting in poor signal quality. 

On the other hand, the multi-mode laser emits light with 
plural wavelengths from the beginning, and is little influenced by 
noises caused by a mode hop, and therefore, is excellent as a light 
source for use in an optical head. However, it is difficult to 
constitute a multi-mode laser for some desired wavelengths and 
there are some cases where a desired wavelength is obtainable 
only in a single-mode laser. Further, depending on 
environmental conditions such as high temperature, the operation 
of the multi-mode laser may be unstable and its operation mode 
may change into a single mode. 
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In an attempt to solve such a problem, a method in which 
high frequency superimposing is applied to a single-mode laser to 
change it into a multi-mode laser and thus-formed laser is used as 
a multi-mode laser is employed. Specifically, alternating current 
components at several hundreds MHz frequency obtained from an 
oscillating circuit of a high-frequency superimposed circuit are 
superimposed onto a laser driving current to allow the laser to 
operate in a multi-mode. In this manner, a practical light source 
affected by a suppressed level of the returned light and having a 
low noise is realized. 

Fig. 19 is a block diagram showing a structure of a 
conventional semiconductor laser driving device constituted as 
described above. A semiconductor laser driving device 150 
includes a semiconductor laser 61, a photodetecting element 62, a 
high-frequency superimposing circuit 72, a laser driving circuit 
64, and a high-frequency superimposing control circuit 65. 
Further, the high-frequency superimposing circuit 72 includes an 
oscillating circuit 63, a driving power source 66, and a capacity 
element 70. The laser driving circuit 64 supplies a driving 
current Id to the semiconductor laser 61. The semiconductor 
laser 61 emits light when the driving current Id flows into it. 
The semiconductor laser 61 is a single-mode laser. The 
photodetecting element 62 receives a part of the light emitted 
from the semiconductor laser 61 and performs photoelectrical 
conversion to the received light, thus outputs an electric signal Vs 
which is a light intensity detecting signal proportional to the light 
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amount (light intensity). The laser driving circuit 64 monitors 
the electric signal Vs supplied from the photodetecting element 
62, and controls the driving current Id in such a manner that the 
electric signal Vs takes a constant value. By the employment of 
the structure described above, the semiconductor laser driving 
device 150 can allow the semiconductor laser 61 to emit light at a 
desired output level. 

The high-frequency superimposing circuit 72 is a circuit 
for superimposing a high-frequency signal Uf onto the driving 
current Id. The oscillating circuit 63 oscillates by receiving the 
supply of electric power from the driving power source 66. The 
high-frequency signal Uf that the oscillating circuit 63 outputs is 
transmitted to the path of the driving current If via the capacity 
element 70 that cuts off the direct current components. At this 
time, by properly setting the oscillating amplitude and frequency 
of the oscillating circuit 63, the semiconductor laser 61 is enabled 
to operate as a multi-mode laser. As a result of this, the noise of 
the semiconductor laser 61 caused by the returned light can be 
suppressed, and stable reproduction of the information from the 
optical disc can be performed. 

At this time, the change in the light emitted from the 
semiconductor laser 61 with respect to time is represented by the 
solid curve 51 in Fig. 20, for example. As is exemplarily 
illustrated in Fig. 20, the intensity of the emitted light contains 
alternating current components having a frequency that 
corresponds to the frequency of the high-frequency signal Uf 
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outputted by the high-frequency superimposing circuit 72 due to 
the influence of the high-frequency superimposing. However, if 
the frequency of the high-frequency signal Uf is set to a value 
sufficiently higher than the frequency band of the reproducing 
signal of the optical recording medium, by properly selecting the 
frequency characteristics of the photodetector that detects the 
reproducing signal, it is possible to obtain a signal that is the 
same signal as of the case where reproduction is performed by the 
laser beam having only the direct current components of the 
magnitude same as an average value in terms of time shown by a 
wave line 53. The photodetecting element 62, due to its 
frequency characteristics, outputs a time average value shown by 
the broken line 53 as the electric signal Vs. 

However, in the structure described above, the peak 
value 52 of the light amount is higher than the average value of 
the light amount. For this reason, the power of the laser beam is 
larger than the average value during a very short period of time. 
Therefore, if the reproduction of information is performed by 
irradiating the light emitted from the semiconductor laser 61 onto 
the optical disc, although the detected reproducing signal is the 
same as the signal detected by the emitted light having a power of 
the average value, there arise some cases where the optical disc 
may cause phase change although it is a small change. This is 
equivalent to overwrite or erase information during reproducing 
the information even if the overwritten or erased portion is slight. 
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As a result, the original information recorded on the optical disc 
deteriorates. 

Japanese Unexamined Patent Publication No. 
2001-352124 discloses, in order to solve the problem that the 
frequency of the high-frequency signal varies as the element 
constant of the circuit element of the semiconductor laser driving 
device varies with the change in the temperature, a technology 
that has enabled to variably control the frequency. However, 
although the conventional technology disclosed in this Reference 
overcomes the deviation in the frequency of the high-frequency 
signal, it does not overcome the problem of the deterioration in 
the information caused by the above-described peak power of the 
emitted light. 

As described above, the conventional semiconductor laser 
driving device has a problem that there may be a case where 
deterioration in the information recorded on the optical recording 
medium is introduced by the peak power of the emitted light. 

DISCLOSURE SUMMARY OF THE INVENTION 

An objective of the present invention is to provide a 
semiconductor laser driving device, an optical head device, an 
optical information processing device, and an optical recording 
medium that enable to reproduce information recorded in the 
optical recording medium without causing deterioration in the 
information. 
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According to an aspect of the present invention, a 

semiconductor laser is driven by a driving signal in such a 
manner that an average value of an electric signal corresponding 
to a light amount emitted from the laser coincides with a given 
target value. A high-frequency signal is superimposed over the 
driving signal. The amplitude of the high-frequency signal is 
controlled in such a manner that a peak-to-average ratio of a peak 
value of the electric signal with respect to the average value of 
the electric signal does not increase above a given first reference 
value. 

In order to achiovo the above-described objective, a first 

ombodimont of a semiconductor laser driving device according to 
the — prosont — invention — includes - — a — semiconductor — laser; — a 
photodotocting olomont for receiving a part of light emitted from 
the semiconductor laser and converting the part of light into an 
electric signal corresponding to a light amount; a laser driving 
circuit for inputting a driving signal into the semiconductor laser 
in such a manner that an average value of the electric signal 
coincidoo — with — a — given — target — value ? — et&d — a — high-frequency 
superimposing control section for controlling an amplitude of the 
high-frequency signal, wherein the high-frequency superimposing 
control section controls the amplitude in such a manner that a 
pcak-to-avorago ratio that is a ratio of a peak value of the electric 
signal with respect to the average value of the electric signal does 
not increase above a given first reference value. 
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yVccording to tho first ombodimont of tho semiconductor 

laser driving dovico of tho prooont invention, the amplitude of the 
high-frequency signal is controlled in such a manner that the 
pcak-to-average ratio that is a ratio of tho peak value of the 
electric signal corresponding to the light amount of the emitted 
light with respect to the average value does not increase above a 

given first reference value. Therefore, by properly setting the 

first — reference — value, — information — eenz — he — reproduced — from — a** 
optical recording medium without causing deterioration in tho 

information recorded on the optical recording medium. Duo to 

thi s, — it — becomes — possible — fee — perform — stable — reproduction — of 
information from one and the same optical recording medium over 
a long period of time. 

1& — a — second — ombodimont — ef — the — semiconductor — laser 

driving device of tho present invention, in tho first embodiment, 
tho high-frequency superimposing control section further controls 
the amplitude in such a manner that the pcak-to-avorago ratio 
does not decrease below a given second reference value equal to or 
lower than tho first reference value. 

According to tho second ombodimont of tho semiconductor 

laser driving device of the present invention, the amplitude of the 
high-frequency signal is controlled in such a manner that the 
poak-to-avorago ratio does not decrease below tho given second 

reference — value. Therefore, — by — properly — setting — the — second 

reference value, it is possible to allow tho semiconductor laser to 
stably operate in a multi mode. 
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In a third embodiment of the oomiconductor laocr driving 

device of the present invention, in the first or second embodiment, 
there is further provided a peak detecting circuit for receiving the 
electric signal from the photodctecting element and for detecting 
the peak value of the electric signal, wherein the high-frequency 
superimposing control section calculates the pcak-to-avoragc ratio 
based on the peak value detected by the peak detecting circuit. 

According to the third embodiment of the semiconductor 

laser driving device of the present invention, there is provided a 
peak detecting circuit for detecting the peak value of the electric 
signal from the photodctecting clement, and the poak-to-avcragc 
ratio is calculated based on the peak value dotoctod by the peak 

detecting — circuit. As a — result, the amplitude of — the 

high-frequency s ignal is precisely controlled. Particularly, even 

— the — ca s e — whore — the — semiconductor — lasers — have — different 
relationships between the amplitude of the high-frequency signal 
and the peak value of the electric signal from each other, it is 
possible to prevent deterioration in the recording signal at the 
time — of reproducing information from — the — optical — disc, — and to 
perform stable reproduction over a long period of time. 

I-n — a — fourth — embodiment — of — the — semiconductor — laser 

driving device of the — present invention, — in the first or second 
embodiment, there is further provided a temperature sensor for 
measuring — a — temperature — ef — the — semiconductor — laser; — a**d — a 
storing section for s toring data indicative of a relationship of the 
average — value, — the — temperature, — the — amplitude, — a**d — the 
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pcak-tcravorago ratio, wherein tho high-froquoncy superimposing 
control section roads out the data from the storing section, so as 
to control tho amplitude based on the data, tho average value, and 
the temperature. 

According to tho fourth embodiment of tho semiconductor 

laser driving device of tho present invention, the high-froquoncy 
superimposing control section roads out data stored in tho storing 
section and indicative of a relationship of tho average value of the 
electric signal, the temperature of the semiconductor laser, tho 
amplitude of the high-frequency signal, and tho poak-to-avorago 
ratio, — and controls tho — amplitude of tho high-frequency signal 
based on tho data, tho average value, and the temperature of the 

semiconductor laser. In thi s structure, a peak detecting circuit 

is — net — needed. Further, — khe — control — of — amplitude — of — the 

high-froquoncy signal taking into consideration the variation in 
tho temperature of the semiconductor laser is realized. 

feft — the — fifth — embodiment — of — tfee — s emiconductor — laser 

driving device according to the present invention, in cither one of 

the first te fourth embodiments, the high-frequency 

superimposing control section controls tho amplitude in such a 
manner that the amplitude decreases as the temperature of tho 
semiconductor laser increases. 

According to tho fifth embodiment of tho semiconductor 

laser driving device of tho present invention, the high-frequency 
superimposing control section controls the amplitude in such a 
manner that the amplitude of tho high-frequency signal decreases 
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qg the temperature of the semiconductor laser increases. With 

this arrangement, the amplitude of the high-frequency signal is 
properly controlled even if there is a change in the temperature of 
the semiconductor laser. 

tn — the — sixth — embodiment — of the — semiconductor — laser 

driving device according to the present invention, in either one of 
the first to fifth embodiments, the high-frequency superimposing 
control section controls the amplitude in such a manner that, the 
amplitude decrease s as the average value increases if the average 
value is loss than a given threshold value, whereas the amplitude 
increases as the average value increases if the average value is 
larger than the threshold value, 

According to the sixth embodiment of the semiconductor 

laser driving device of the present invention, the high-frequency 
superimposing control section controls the amplitude in such a 
manner that, if the average value of the electric signal is loss 
than a given threshold value, the amplitude of the high-frequency 
signal decreases as the average value increases, whereas, if the 
average value is larger than the threshold value, the amplitude 

increases as the average value increases. As a result, a proper 

amplitude — control — reflecting — tfee — relationship — between — tbe 
poak-toavcrago — ratio — a**d — the — average — value — is — realized. 
Specifically, — even when — fche — output of the — semiconductor la s er 
varies, — it — becomes — possible — te — prevent — deterioration — in the 
recording signal at the time of reproducing information from the 
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optical recording medium and to perform stable reproduction ovor 
a long period of time. 

In the ocvonth embodiment of the oomieonductor laser 

driving device according to the present invention, in cither one of 
the first to sixth embodiments, the high-frequency superimposing 
control — section — includes — a — linear — speed — acquiring — section — 
acquiring a linear speed V of an optical recording medium from 
which information is to be reproduced by use of the emitted light, 
and wherein the — high-frequency superimposing control — section 
controls the amplitude in such a manner that the pcak-to-avcrago 
ratio is proportional to — J~ (V/Vo) at a standard linear s peed Vo 
which is a standard value of the linear speed V. 

According to the seventh embodiment of tfee 

semiconductor laser driving device of the present invention, the 
high-frequency superimposing control section acquires the linear 
speed V of the optical recording medium to which the reproduction 
is to be made, and controls the amplitude of the high-frequency 
signal — ki — such — a — manner — that — tfee — peak -to -aver ago — ratio — ie 

proportional to — f (V/Vo) at a standard linear speed Vo, As a 

result, — the — amplitude — of the — high-frequency — signal is properly 
controlled oven if the linear speed of the optical recording medium 
varies. 

I-n — tfee — eighth — embodiment — of the — semiconductor — laser 

driving device according to the present invention, in either one of 
the first to fifth and seventh embodiments, the high-frequency 
superimposing control section includes a data acquiring section 
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for acquiring the first roforonco value by reading out, from tho 
optical — recording — medium — from — which — information — is — fee — be 
reproduced by use of the emitted light and on which an allowance 
value — of the peak value — of tho emitted light is recorded, — &he 
recorded allowance value. 

According to tho eighth embodiment of tho semiconductor 

laser driving device of tho present invention, the high-frequency 
superimposing — control — section — reads — e**fe — the — allowance — value 
recorded on the optical recording medium to which reproduction is 
to be made, and obtains the first reference value from the road 

allowance value. Therefore, the amplitude of the high-frequency 

signal — e€H& — be — properly — controlled — fe* — each — optical — recording 

medium. Specifically, oven in tho case where the limit of the 

power that docs not cause deterioration in the recording signal 
largely — differs — depending — en — the — individual — optical — recording 
media, it is possible to prevent tho deterioration in the recording 
signal at the time of reproducing information from the optical 
recording medium and to perform stable reproduction over a long 
period of time. 

I-ft — the — ninth embodiment — of tho — semiconductor — laser 

driving device according to tho present invention, in cither one of 
tho first to fifth and seventh embodiments, the high-froqucncy 
superimposing control section includes a tost executing section for 
judging tho first reference value by recording a tost pattern to be 
recorded — into — a — test — recording — aroa — of the — optical — recording 
medium from which information is to be reproduced by use of tho 
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omitted — light — and — which — h-as — the — test — rocording — area — and — hy 
reading the tost pattern while varying tho amplitude. 

According to tho ninth embodiment of the semiconductor 

laser driving device of the present invention, tho toot executing 
section — included — m — the — high-frequency — superimposing — control 
section records the test pattern into tho test rocording area of tho 
optical rocording medium to which reproduction is to be made, 
and judges tho first reference value by reading the tost pattern 

while changing tho amplitude of the high-frequency signal. As a 

result, tho amplitude of the high-frequency signal can be properly 
controlled for each optical recording medium. 

In — the — tenth — embodiment — of tho — semiconductor — laser 

d riv i ng device according to the pre s ent invention, in the ninth 
embodiment, — the — high-frequency — superimposing — control — section 
further includes - a reference value recording section for recording 
tho first reference value judged by tho tost oxocuting section into 
tho optical rocording medium; and a data acquiring section for 
reading out tho recorded first reference value from tho optical 
rocording medium on which tho first reference value is recorded. 

According to tho tenth embodiment of tho semiconductor 

laser driving dovico of the present invention, tho high-frequency 
superimposing — control — section — includes — the — roforonco — value 
recording section for recording tho first reference value judgod by 
tho test executing section onto the optical recording modium, and 
tho data acquiring section for reading the recorded first roforonco 
value from tbe optical rocording modium. With this 
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arrangement, — fei^e — high-frequency — superimposing control section 
can acquire — the — first — reference — value — of the — optical — recording 
medium by reading out the first reference value that has boon 

recorded on the optical recording medium in the past. Therefore, 

the tost executing section is not needed to perform recording and 
reading of the tost pattern every time the reproduction is made to 
one and the s ame optical recording medium. 

In the eleventh embodiment of the semiconductor laser 

driving device according to the pre s ent invention, in cither one of 
the first to tenth embodiments, a wavelength of the light emitted 
from the semiconductor laser is 390nm<A <420nm. 

According fee the eleventh embodiment e# fehe 

semiconductor laser driving device of the present invention, the 
wavelength — A — of the light emitted from the semiconductor laser 
is — 390nm< A <420nm — that — ie — s ub s tantially — corresponds — fee — a 

blue-color — area. Therefore, — fefee — peak -to -average — ratio — i& 

controlled to fall within a proper range in the wavelength area in 
which the poak-to-avorago ratio may increase to a high value 

depending on the amplitude of the high-frequency signaL With 

this arrangement, it becomes possible to prevent deterioration in 
the recording signal at the time of reproduction and to perform 
stable reproduction over a long period of time for the — optical 
recording medium that employs the wavelength area, that is, the 
optical recording medium that has a high recording density and 
therefore is largely affected by the deterioration in the signal 
caused by the peak power. 
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An optical head device according to the present invention 

includes the ocmiconductor laser driving device according to the 
present invention. 

Since the optical head device according to the present 

invention — includes — the — semiconductor — laser — driving — device 
according to the present invention, information can be reproduced 
from an optical recording medium without — deterioration in the 

information recorded en the optical recording medium. 

Specifically, — a*i — optical — head — device — capable — ef — reproducing 
information — from — the — optical — recording — medium — with — high 
reliability is realized. 

An optical information processing device according to the 

present invention includes the optical head device according to 
the present invention. 

Since the optical information proces s ing device according 

te — the — present — invention — includes — the — optical — head — device 
according to the present invention, information can be reproduced 
from an optical recording medium without deterioration in the 

information recorded en the optical recording medium. 

Specifically, an optical information processing device capable of 
. reproducing information from the optical recording medium with 
high reliability is realized. 

An optical recording medium according to the present 

invention is an optical recording medium from which information 
is to be reproduced by the — semiconductor laser driving device 
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according — te — the — present — invention — and — which — records — tfee 
allowance value. 

Since — the — optical — recording — medium — according — te — khe 

present invention records the allowance value to bo road by the 
semiconductor — la s er — driving — device — of the — eighth — embodiment 
according to the present invention, at the time of reproducing 
information — from — tfee — optical recording — medium by use — of the 
semiconductor — laser — driving — device, — the — amplitude — ef — fehe- 
high-froquency signal be controlled in such a manner as to be 
suitable for the optical recording medium. 

The objectives, characteristics, aspects, and advantages 
of the present invention will be clearer from the following detailed 
description and the accompanied drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a structure of a 
semiconductor laser driving device according to a first 
embodiment of the present invention; 

Fig. 2 is a graph illustrating a waveform of the output 
from the photodetecting element of Fig. l; 

Fig. 3 is a circuit diagram showing an exemplary 
structure of the peak detecting circuit of Fig. l; 

Fig. 4 is a block diagram showing a hardware structure 
of the high-frequency superimposing control section of Fig. l; 
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Fig. 5 is a block diagram showing a structure based on 
the function of the high-frequency superimposing control section 
of Fig. l; 

Fig. 6 is a graph illustrating a relationship between a 
peak-to-average ratio and an average value; 

Fig. 7 is a block diagram showing a structure of a 
semiconductor laser driving device according to a second 
embodiment of the present invention; 

Fig. 8 is a block diagram showing a structure based on 
the function of the high-frequency superimposing control section 
of Fig. 7; 

Fig. 9 is an illustrative diagram showing an exemplary 
structure of the data to be stored into the storing section of Fig. 7; 

Fig. 10 is a structural diagram showing a schematic 
structure of an optical head device according to a third 
embodiment of the present invention; 

Fig. 11 is a schematic side view of an optical information 
processing device according to a fourth embodiment of the present 
invention; 

Fig. 12 is a block diagram of the optical information 
processing device of Fig. 11; 

Fig. 13 is a block diagram showing a structure of the 
high-frequency superimposing control section included in a 
semiconductor laser driving device according to a fifth 
embodiment of the present invention; 
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Fig. 14 is a schematic plan view of an optical disc to be 
used in the semiconductor laser driving device according to a fifth 
embodiment of the present invention; 

Fig. 15 is a schematic diagram illustrating the data to be 
recorded into the conditions recording area of Fig. 14; 

Fig. 16 is a block diagram showing a structure based on 
the function of the high-frequency superimposing control section 
of a semiconductor laser driving device according to a sixth 
embodiment; 

Fig. 17 is a flowchart showing an operation of the 
high-frequency superimposing control section of Fig. 16; 

Fig. 18 is a block diagram showing a structure based on 
the function of the high-frequency superimposing control section 
of a semiconductor laser driving device according to a seventh 
embodiment; 

Fig. 19 is a block diagram showing a structure of a 
semiconductor laser driving device according to a convention 
technology; and 

Fig. 20 is a graph illustrating a waveform of the light 
intensity of the light emitted from the semiconductor laser of Fig. 
19. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
OF BEST MODE FOR CARRYING OUT THE INVENTION 
(First embodiment) 
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Fig. 1 is a block diagram showing a structure of a 
semiconductor laser driving device according to a first 
embodiment of the present invention. A semiconductor laser 
driving device 101 includes a semiconductor laser 1, a 
photodetecting element 2, a high-frequency superimposing circuit 
12, a laser driving circuit 4, a high-frequency superimposing 
circuit 5, and a peak detecting circuit 7. Further, the 
high-frequency superimposing circuit 12 includes an oscillating 
circuit 3, a driving power source 6, and a capacity element 10. 
The semiconductor later 1, the photodetecting element 2, and the 
high-frequency superimposing circuit 12 belong to a main section 
11, whereas the laser driving circuit 4, the high-frequency 
superimposing control section 5, and the peak detecting circuit 7 
belong to a peripheral circuit. As will be described later, 
whereas the semiconductor laser driving device 101 is used in the 
state of being incorporated into the optical head device, the 
peripheral circuit is provided on a fixed circuit board in some 
cases, apart from the optical system that moves along the tracks 
of the optical recording medium. 

The laser driving circuit 4 supplies a driving current Id 
to the semiconductor laser 1. The semiconductor laser 1 emits 
light when the driving current Id flows therein. The 
semiconductor laser 1 is, for example, a single-mode laser that 
emits light having a wavelength of 450nm. 

The high-frequency superimposing circuit 12 is a circuit 
for superimposing a high-frequency signal Uf over the driving 
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current Id. The high-frequency signal Uf is, for example, a 
current signal. The oscillating circuit 3 oscillates at high 
frequencies of about 200MHz to 600MHz for example, upon 
receiving the supply of electric power from the driving power 
source 6. The high-frequency signal Uf that the oscillating 
circuit 3 outputs is transmitted to thie path of the driving current 
Id via the capacity element 10 that cuts off the direct current 
components to realize an AC coupling. When inputted into the 
semiconductor laser 1, the high-frequency superimposed 
driving-current Id allows the semiconductor laser 1, which is a 
single-mode laser, to emit light as a multi-mode laser. As a 
result, the influence of the returned light from the optical 
recording medium onto the optical disc etc can be reduced and the 
noise in the semiconductor laser 1 can be suppressed, thereby 
stably reproducing information from the optical recording 
medium. 

Whereas a major part of the light emitted from the 
semiconductor laser 1 is directed to the optical recording medium 
for a recording or reproducing operation, a part thereof is received 
by the photodetecting element 2. The photodetecting element 2 
receives a part of the light emitted from the semiconductor laser 1 
and executes photoelectric conversion to thus-received light, so as 
to output an electric signal Vopt which is a light intensity 
detecting signal proportional to the light amount (light intensity). 
The laser driving circuit 4 captures the electric signal Vopt 
supplied from the photodetecting element 2 and controls the 

22 



P1260US(Amend) 



driving current Id in such a manner that an average value Vm of 
the electric signal Vopt is kept at a constant value. As a result, 
the average value of the power of the light emitted from the 
semiconductor laser 1 is kept at constant. By the employment of 
the structure described above, the semiconductor laser driving 
device 101 can allow the semiconductor laser 1 to emit light at a 
desired output level. 

At the time of recording information onto the optical 
recording medium, the semiconductor laser driving device 101 
records the information by increasing its light amount to induce a 
phase change in the recording layer of the optical recording 
medium made of a phase changing material, for example. In this 
case, the laser driving circuit 4 increases its light amount by 
increasing the driving current Id. 

The change in the intensity of the light emitted from the 
semiconductor laser 1 with respect to the time is illustrated by 
the solid curve of Fig. 20. Further, the waveform of the electric 
signal Vopt that is a light intensity detecting signal obtained from 
the photodetecting element 2 is illustrated by the solid curve of 
Fig. 2. As is understood in comparison between Figs. 2 and 20, 
the photodetecting circuit 2 precisely detects the change in the 
time of light intensity. Specifically, by setting the response band 
of the photodetecting element 2 to be sufficiently high with 
respect to the frequency of the high-frequency signal Uf, the 
electric signal Vopt that the photodetecting element 2 outputs can 
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precisely represent the waveform of the light emitted from the 
semiconductor laser 1. 

Therefore, it is also possible to detect from the electric 
slight intensity signal Vopt not only an average value 53 of the 
light intensity but also a peak value 52 thereof. The laser 
driving circuit 4 calculates from the electric signal Vopt its 
average value Vm and controls the driving current Id in such a 
manner that the average value Vm is at a predetermined value. 
On the other hand, the peak detecting circuit 7 detects from the 
electric signal Vopt its peak value Vp. Fig. 3 is a circuit diagram 
showing an example of the circuit structure of the peak detecting 
circuit 7. In the example illustrated in Fig. 3, the peak detecting 
circuit 7 includes a diode 41 and a capacity element 42, thereby 
constituting a so-called wave detecting circuit or peak hold 
circuit. 

Fig. 4 is a block diagram showing a hardware structure 
of the high-frequency superimposing control section 5. The 
high-frequency superimposing control section 5 includes a CPU 
(central processing unit) 45, a program memory 46, a data 
memory 47, A/D converters 48, 49, and a D/A converter 50, and 
these circuitry elements are connected with each other via a bus 
line 51. Specifically, the high-frequency superimposing control 
section 5 is constituted as a microcomputer. 

The A/D converter 48 receives the peak value Vp of the 
electric signal Vopt that the peak detecting circuit 7 outputs, and 
converts the form of the peak value Vp from analog to digital. 
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The A/D converter 49 receives the average value Vm of the 
electric signal Vopt that the laser driving circuit 4 acquires, and 
converts the form of the average value Vm from the analog form 
into a digital form. The program memory 46 includes a ROM 
(Read Only Memory) for example, and stores programs and data 
that define the operations of the CPU 45. The data memory 47 
includes a RAM (Random Access Memory) for example, and 
temporarily stores various kinds of data that accompany the 
operations of the CPU 45. The CPU 45 calculates control signal 
Vc to control an amplitude <p of the high-frequency signal Uf that 
the high-frequency superimposing circuit 12 outputs, based on the 
peak value Vp and the average value Vm. The D/A converter 50 
converts the form of the control signal Vc from digital to analog. 
The control signal Vc after being converted into a digital form is 
inputted into the high-frequency superimposing circuit 12. 

Fig. 5 is a block diagram showing a structure based on 
the function of the high-frequency superimposing control section 
5. The high-frequency superimposing control section 5 includes 
a proportion calculating section 54, a control signal calculating 
section 55, and a reference value storing section 56. The 
proportion calculating section 54 receives the peak value Vp and 
the average value Vm, and calculates the peak-to-average ratio 
R=Vp/Vm. The reference value storing section 56 stores a first 
reference value Rs that is an upper limit of the peak-to-average 
ratio R properly set within the range in which no deterioration 
arises in the information recorded on the optical recording 
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medium caused by the peak power of the light emitted from the 
semiconductor laser 1. The reference value storing section 56 
stores a reference value Rs into the program memory 46 as a part 
of programs or a part of data. The control signal calculating 
section 55 produces a control signal Vc in such a manner that the 
peak-to-average ratio R calculated by the proportion calculating 
section 54 does not take a high value exceeding the reference 
value Rs. The optimum value of the first reference value Rs is, 
although it differs depending on the characteristics of the optical 
recording medium such as an optical disc etc and the 
characteristics of the optical system, for example, the peak value 
Vp: the average value Vm=7.7:i, that is, Rs=7.7. 

As described above, the amplitude cp is controlled in such 
a manner that the peak-to-average ratio R is equal to or smaller 
than the first reference value Rs. This enables to prevent the 
peak power of the light emitted from the semiconductor laser 1 
from increasing to an unnecessarily large level. In this manner, 
at the time of reproducing the information from the optical 
recording medium, it is possible to keep the amplitude cp of the 
high-frequency signal Uf superimposed onto the driving current Id 
to the range in which the no deterioration arises in the 
information (recorded signal) recorded on the optical recording 
medium. Particularly, since the peak-to-average ratio R is 
calculated based on the peak value Vp detected by the peak 
detecting circuit 7, even when the semiconductor lasers 1 have 
different relationships between the amplitude cp of the 
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high-frequency signal Vf and the peak value Vp of the electric 
signal from each other, it is possible to prevent deterioration in 
the recording signal at the time of reproducing information from 
the optical disc 26. 

In general, the peak-to-average ratio R can be expressed 
as a function R=f(Vm, T, cp) of the average value Vm, the 
temperature T of the semiconductor laser 1 and the amplitude cp of 
the high-frequency signal Uf. The shape of the function f may 
vary according to the difference in the characteristics of 
individual semiconductor lasers 1. If the average value Vm and 
the amplitude cp are constant, the peak-to-average ratio R 
increases as the temperature T of the semiconductor laser 1 
increases. Therefore, the high-frequency superimposing control 
section 5 controls the amplitude cp in such a manner that the 
amplitude <p decreases as the temperature T increases. 

Further, when the output of the semiconductor laser 1 
varies, in a range where the power to be output is less than a 
certain threshold value, the peak value Vp increases as the power 
increases, whereas in a range where the power is larger than the 
threshold value, the peak value Vp decreases as the power 
increases. Specifically, the relationship of the peak-to-average 
ratio R, the average value Vm, and the amplitude cp established at 
a constant temperature is illustrated in the graph of Fig. 6. The 
average value Vm corresponds to the power of the semiconductor 
laser 1. The curve depicted by taking the peak-to-average ratio 
R=Vp/Vm in a longitudinal axis and the average value Vm in a 

27 



P1260US(Amend) 

horizontal axis is a hill-shaped curve that takes the maximum 
value at the threshold value Vth related to the average value Vm. 
The curve shifts in a forward direction along the longitudinal axis 
as the amplitude cp increases. 

As has already been described above, the high-frequency 
superimposing control section 5 controls the amplitude cp in such a 
manner that the peak-to-average ratio R is equal to or lower than 
the first reference value Rs. Therefore, the high-frequency 
superimposing control section 5 controls the amplitude cp in such a 
manner that, as the power or the average value Vm of the 
semiconductor laser 1 increases, the amplitude cp decreases if the 
average value Vm is less than the threshold value Vth and that 
the amplitude cp increases if the average value Vm is larger than 
the threshold value Vth. 

Preferably, the reference value storing section 56 stores, 
on top of the first reference value Rs, a second reference value Rw 
that is set to a value equal to or lower than the first reference 
value Rs. The second reference value Rw is a lower limit value 
of the peak-to-average ratio R that is properly set within the 
range where the semiconductor laser 1 is stably operable in a 
multi mode. The reference value storing section 56 stores the 
reference value Rw together with the reference value Rs into the 
program memory 46 as a part of programs or a part of data. 

In this case, the control signal calculating section 55 
produces a control signal Vc in such a manner that the 
peak-to-average ratio R calculated by the proportion calculating 
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section 54 does not decrease below the second reference value Rw. 
Specifically, in this case, the high-frequency superimposing 
control section 5 controls the amplitude cp in such a manner that 
the peak-to-average ratio R satisfies the relationship of 
Rw^R^Rs. In this manner, it becomes possible to allow the 
semiconductor laser 1 to stably operate in a multi mode. 

In general, the light emitted from the semiconductor 
laser 1 may have any wavelength A ; however, it is desirable that 
it has a wavelength satisfying the relationship of 390nm< A 
<420nm that substantially corresponds to the blue-color area. 
This is because, in this wavelength area, the peak-to-average 
ratio R increases to a high value depending on the amplitude <t> 
of the high-frequency signal Vf. Further, the optical recording 
medium such as the optical disc 26 etc employing this wavelength 
area has a high recording density and is largely influenced by the 
signal deterioration caused by the peak power. 

(Second Embodiment) 

Fig. 7 is a block diagram showing a structure of a 
semiconductor laser driving device according to a second 
embodiment of the present invention. A semiconductor laser 
driving device 102 differs from the semiconductor laser driving 
device 101 in that it includes a temperature sensor 9 and a 
storing section 85 the high-frequency control section 5 is 
substituted by a high-frequency control section 5A; and the peak 
detecting circuit 7 is eliminated. In the following drawings, the 
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same constituent elements of Figs. 1 to 5 are denoted by the 
identical reference numerals and their detailed descriptions will 
be omitted. 

The temperature sensor 9 measures the temperature T of 
the semiconductor laser 1, and outputs the measured temperature 
T as an electric signal. Hereinafter, for simplicity of the 
description, the electric signal that is a measuring signal 
indicative of the temperature T is also expressed as the 
temperature T. The storing section 8 includes a semiconductor 
memory for example. 

The hardware structure of the high-frequency 
superimposing control section 5A is depicted in the same manner 
as Fig. 4, except that the temperature T is inputted into an A/D 
converter 48 instead of the peak value Vp. Fig. 8 is a block 
diagram showing a structure based on the function of the 
high-frequency superimposing control section 5A. .The 
high-frequency superimposing control section 5 A includes a 
control signal calculating section 58 and a reference value storing 
section 56. The control signal calculating section 58 produces a 
control signal Vc based on an average value Vm, a temperature T, 
data stored in the storing section 8, and a first reference value Rs 
(and preferably also a second reference value Rw) stored in the 
reference value storing section 56. 

As has already been described above, a functional 
relationship R=f(Vm, T, <t> ) is established among the 
peak-to-average ratio R, the average value Vm, the temperature 
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T, and the amplitude <f> . The storing section 8 stores the 
relationship of these variables that have been obtained 
beforehand in experiments etc. Fig. 9 is an illustrative diagram 
illustrating the structure of the data to be stored in the storing 
section 8. In the example of Fig. 9, the storing section 8 stores a 
value of the peak-to-average ratio R with respect to various 
combinations of the average value Vm, the temperature T, and the 
amplitude <b . Since there is a constant correspondence 
relationship between the amplitude <i> and the control signal Vc, 
the storing section 8 may store the control signal Vc instead of the 
amplitude <f> , and the amplitude <t> and the control signal Vc are 
substantially equivalent to each other. 

The control signal calculating section 58 produces a 
control signal Vc for realizing an amplitude (J) at which the 
peak-to-average ratio R does not increase exceeding the first 
reference value Rs. The control signal calculating section 58 
reads out from the storing section 8, for example, an amplitude $ 
that corresponds to the combination of the received average value 
Vm and the temperature T, and the peak-to-average ratio R 
equivalent to the first reference value Rs stored in the reference 
value storing section 56. The control signal calculating section 
58 produces a control signal Vc in such a manner that the 
amplitude <t> does not increase above the read amplitude <t> . 

As described above, the high-frequency superimposing 
control section 5A compares the temperature T obtained from the 
temperature sensor 9 and the average value Vm obtained in the 
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laser driving circuit 4 that has received the electric signal Vopt 
from the photodetecting element 2 with the data stored in the 
storing unit 8, so as to control the amplitude (f> in such a manner 
that the peak-to-average ratio R does not increase exceeding the 
first reference value Rs. With this arrangement, the 
semiconductor laser driving device 102 needs no peak detecting 
circuit 7, and realizes the control over the amplitude (£> of the 
high-frequency signal Vf taking into consideration the change in 
the temperature of the semiconductor laser 1. Further, since the 
photodetecting element 2 is not needed to detect the peak value of 
the light emitted from the semiconductor laser 1, the 
photodetecting element 2 may be an element having a relatively 
low frequency band. 

In the case where the reference value storing section 56 
also stores the second reference value Rw, the control signal 
calculating section 58 reads out from the storing section 8, for 
example, even the amplitude <t> that corresponds to the 
combination of the received average value Vm and the 
temperature T, and the peak-to-average ratio R equivalent to the 
second reference value Rw, and may produce a control signal Vc in 
such a manner that the amplitude <t> does not decrease below the 
read amplitude <f> . In this manner, the high-frequency 
superimposing control section 5A can control the amplitude (f> in 
such a manner that the peak-to-average ratio R does not decrease 
below the second reference value Rw, and can allow the 
semiconductor laser 1 to stably operate in a multi mode. 
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(Third Embodiment) 

Fig. 10 is a structural diagram showing a schematic 
structure of an optical head device according to a third 
embodiment of the present invention. The optical head device 31 
includes the semiconductor laser driving device 101 shown in Fig. 
1 or the semiconductor laser driving device 102 shown in Fig. 7, a 
beam splitter 21, for a front light monitor, a beam splitter 27, a 
photodetector 28, a condensing lens 23, a stand-up mirror 24, and 
an objective lens 25. The beam splitter 21 for a front light 
monitor separates a part of the outward light and allows it to 
enter the photodetecting element 2. The beam splitter 27 
separates the outward light from the returning light, and allows 
it to enter the photodetector 28. 

At the time of reproducing the information recorded on 
the optical disc 26, a laser beam 22 having a wavelength 405nm 
emitted from the semiconductor laser 1 is turned into a parallel 
beam by the condensing lens 23, and its light path is folded by the 
stand-up mirror 24, and then the beam enter the objective lens 25. 
A part of the emitted light is separated by the beam splitter 21 for 
a front light monitor in the course of its outward path, and the 
part of the separated light enters the photodetecting element 2. 
The light entered the objective lens 25 is condensed onto the 
optical disc 26. The light reflected by the optical disc 26 returns 
along the course reversal to the outward path from the objective 
lens, the stand-up mirror 24, and the condensing lens 23, and is 
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reflected by the beam splitter 27 so as to enter the photodetector 
28. The photodetector 28 performs photoelectric conversion to 
the entered light, and detects it as an electric signal. The 
electric signal detected as a result of the photoelectric conversion 
in the photodetector 28 is used as a reproducing signal for the pit 
rows on the optical disc 26 or a servo signal for tracing the pit 
rows thereof, as will be described later. 

The recording operation of the optical head device 31 is 
basically the same as its reproducing operation, except that the 
amount of light emitted from the semiconductor laser 1 is large 
and the light in the large light amount performs recording onto 
the optical disc 26. Since the optical head device 31 includes the 
semiconductor laser driving device 101 or 102, the optical head 
device 31 is capable of stable reproduction over a long period of 
time onto one and the same optical disc 26 without deterioration 
in the information recorded on the optical disc 26 during the 
reproduction. 

(Fourth Embodiment) 

Fig. 11 is a schematic side view of an optical information 
processing device according to a fourth embodiment of the present 
invention, and Fig. 12 is a block diagram thereof. The optical 
information processing device 103 includes, on top of the optical 
head device 31 shown in Fig. 10, a motor (a driven-to-rotate 
mechanism) 32, a circuit board 33, a power source unit 34, a 
recording unit 29, a reproducing unit 37, a tracking servo 
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mechanism 38, and a focus servo mechanism 39. The circuit 
board 33 includes various circuit elements (not shown), and is one 
of the constituent elements of the recording unit 29, the 
reproducing unit 37 the tracking servo mechanism 38, and the 
focus servo mechanism 39. The motor 32 allows an optical disc 
26 to rotate while supporting it. 

The optical head device 31 sends the signal 
corresponding to the positional relationship with the optical disc 
26 to the circuit board 33. The circuit board 33 calculates this 
signal so as to output a signal for slightly moving the optical head 
device 31 or an optical lens 25 located within the optical head 31. 
Specifically, the photodetector 28 performs photoelectric 
conversion to the light that it has received so as to generate a 
reproducing signal 30, a tracking error signal 35, and a focus 
error signal 36. The tracking servo mechanism 38 controls, 
based on the tracking error signal 35, the optical head device 31 
or the optical lens 25 in such manner that the tracking error is 
compensated. Similarly, the focus servo mechanism 39 controls, 
based on the focus error signal 36, the optical head device 31 or 
the objective lens 25 in such a manner that the focus error is 
compensated. As a result, the optical head device 31 becomes 
capable of reading, writing, or erasing information onto the 
optical disc 26. 

The reproducing unit 37 reproduces, based on the 
reproducing signal 30, the information recorded on the optical 
disc 26. The reproducing unit 37 reproduces, based on the 
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reproducing signal 30, information recorded on the optical disc 26, 
and if the information is image information and sound 
information for example, the reproducing unit 37 converts the 
information into an image signal and a sound signal. The image 
signal is displayed as an image as a result of being inputted into a 
monitor (not shown), and the sound signal is outputted as a sound 
as result of being inputted into a speaker (not shown). The 
recording unit 29 records information onto the optical disc 26 
through the optical head device 31. 

In the semiconductor laser driving device 101 or 102 
included in the optical head device 31, the peripheral circuit 
except for the main section 11 (see Fig. 1 or 7) may be 
incorporated together with the main section 11 into an optical 
system that is drive-controlled independently from the circuit 
board 33, or alternatively, may be mounted on the circuit board 33 
independently from the main section 11. In the latter case, as is 
shown by a dotted line in Fig. 11, the optical head device 31 
includes both of the drive-controlled section and a part of the 
circuit board 33. 

The power source unit 34 supplies electric power to the 
circuit board 33, the tracking servo mechanism 38 and the focus 
servo mechanism 39 which are the driving mechanisms for the 
optical head device 31 and the objective lens 25, and the motor 32. 
The power source unit 34 may be substituted by a joint section 
with an external power source. Alternatively, the power source 
unit 34, another power source that receives the supply of electric 
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power from the joint section with an external power source, or 
another joint section may be provided to the individual driving 
mechanisms or individual circuits. 

Since the optical information processing device 103 
according to this embodiment employs the optical head device 31 
shown in Fig. 10, the optical information processing device 103 
never causes deterioration in the information recorded on the 
optical disc during reproduction and is capable of performing 
stable reproduction to one and the same optical disc 26 over a long 
period of time. 

(Fifth Embodiment) 

Fig. 13 is a block diagram showing a structure of the 
high-frequency superimposing control section included in a 
semiconductor laser driving device according to a fifth 
embodiment of the present invention. The structure of the 
semiconductor laser driving device according to this embodiment 
is depicted in the same manner as Fig. 1. However, the 
high-frequency superimposing control section 5 is substituted by a 
high-frequency superimposing control section 5B of Fig. 13. The 
hardware structure of the high-frequency superimposing control 
section 5B is depicted in the same manner as Fig. 4. As shown 
in Fig. 13, the high-frequency superimposing control section 5B 
includes a data acquiring section 59, instead of the reference 
value storing section 56 of the high-frequency superimposing 
control section 5 shown in Fig. 5. The semiconductor laser 
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driving device according to this embodiment has an assumption 
that an optical disc 26 to which recording and reproduction of 
information is to be made records a peak value 52 of the laser 
beam having a limitation that never causes deterioration in a 
recording signal, that is, an allowance value P of the peak value 
52. 

Fig. 14 is a schematic plan view of the optical disc 26 to 
which the semiconductor laser driving device makes recording and 
reproduction according to this embodiment. The optical disc 26 
includes, on top of an information recording area 83 for recording 
normal information, a conditions recording area 82. Fig. 15 is a 
schematic diagram illustrating the data to be recorded along the 
tracks of the conditions recording area 82. For example, data 85 
is an allowance value P; data 86 is power of laser beam at the 
time of recording information (mW); data 87 is power of laser 
beam at the time of erasing information (mW); and data 88 is data 
representing the manufacturer of the optical disc 26. 

Returning to Fig. 13, the data acquiring section 59 reads 
via the photodetector 28 the allowance value P recorded on the 
optical disc 26, and calculates a first reference value Rs from the 
read allowance value P. Similarly to the high-frequency 
superimposing control section 5 shown in Fig. 5, a control signal 
calculating section 55 produces a control signal Vc in such a 
manner that the peak-to-average ratio R calculated by the 
proportion calculating section 54 does not increase above the 
reference value Rs. 
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As described above, the high-frequency superimposing 
control section 5B reads the allowance value P recorded on the 
optical disc 26 to which the reproduction is to be made, and 
obtains the first reference value Rs from the read allowance value 
P. Therefore, it becomes possible to perform high-frequency 
superimposing to the individual optical discs 26 in such a manner 
that the semiconductor laser 1 emits a laser beam that enables 
the peak-to-average ratio R to take the optimum value at which 
no deterioration in the recording signal arises, even in the case 
where the influence of the peak value 52 of the laser beam exerted 
onto the optical disc 26 largely differs depending on the individual 
optical discs 26. 

(Sixth Embodiment) 

Fig. 16 is a block diagram showing a structure based on 
the function of the high-frequency superimposing control section 
of a semiconductor laser driving device according to a sixth 
embodiment. The structure of the semiconductor laser driving 
device according to this embodiment is depicted in the same 
manner as Fig. 1. However, the high-frequency superimposing 
control section 5 is substituted by a high-frequency superimposing 
control section 5C of Fig. 16. The hardware structure of the 
high-frequency superimposing control section 5C is depicted in the 
same manner as Fig. 4. 

As is shown in Fig. 16, the high-frequency superimposing 
control section 5C includes, on top of the proportion calculating 
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section 54 and the control signal calculating section 55 shown in 
Fig. 13, a test executing section 91 and a reference value 
recording section 92. Further, the data acquiring section 59 is 
substituted by a data acquiring section 59A. The semiconductor 
laser driving device according to this embodiment has an 
assumption that an optical disc 26 to which recording and 
reproduction of information is to be made has a test recording 
area capable of recording test patterns. The test recording area 
is preferably provided at a position adjacent to the conditions 
recording area 82 of Fig. 14, for example. For this reason, Fig. 
14 illustrates the test recording area denoted by a reference 
numeral 82A at the position identical to the conditions recording 
area 82. 

The test executing section 91 records test patterns into 
the test recording area 82A and reads out the test patterns while 
varying the amplitude <f> of the high-frequency signal Vf, so as to 
judge a first reference value Rs. The reference value recording 
section 92 records the first reference value Rs judged by the test 
executing section 91 into the conditions recording area 82 of the 
optical disc 26 through a recording unit 29. The data acquiring 
section 59A reads out the first reference value Rs recorded in the 
reference value recording section 92 from the conditions recording 
area 82 of the optical disc 26 through an optical detector 28. The 
control signal calculating section 55 produces a control signal Vc 
in such a manner that the peak'to-average ratio R calculated by 
the proportion calculating section 54 does not increase above the 
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reference value Rs judged by the test executing section 91 or the 
reference value Rs acquired by the data acquiring section 59A. 

Fig. 17 is a flowchart showing an operation procedure of 
the test executing section 91 and the reference value recording 
section 92 in the high-frequency superimposing control section 5C. 
When the test executing section 91 initiates a processing, first of 
all, it records a test pattern into the test recording area 82A of 
the optical disc 26 through the recording unit 29 (Si). The test 
pattern may be data representing numeral value in plural digits 
or alternatively may be any pit pattern representing no meaning 
as data, for example. At the time of recording a test pattern, as 
is the normal operation of recording information, the laser driving 
circuit 4 increases the driving current Id, so as to increase the 
output power of the semiconductor laser 1. Next, the test 
executing section 91 sets the amplitude <f> of the high-frequency 
signal Vf to an initial value (S2). The initial value of the 
amplitude <t> is set to a value small enough not to cause 
deterioration in the recording signal of the optical disc 26 at the 
time of reproducing information from the optical disc 26. 

Then, the test executing section 91 reads out the test 
pattern from the test recording area 82 (S3). At the time of 
reading out the test pattern, as is the normal operation of 
reproducing information, the laser driving circuit 4 decreases the 
driving current Id so as to decrease the output power of the 
semiconductor laser 1. 



41 



P1260US(Amend) 

Subsequently, the test executing section 91 determines 
whether or not deterioration arises in the read test pattern (S4). 
The test executing section 91 determines the presence or absence 
of the deterioration by determining whether not a jitter exceeding 
a predetermined magnitude appears in the read test pattern, for 
example. Alternatively, the test executing section 91 determines 
whether or not deterioration arises by reproducing the data that 
the read test pattern represents and determining whether or not 
the! reproduced data coincides with the recorded data, for 
example, coincides with the numeric value in plural digits, for 
example. 

If no deterioration is found (No in S4), the test executing 
section 91 increases the amplitude <t> by one degree (S5), and 
then returns the processing to Step S3. Specifically, the test 
executing section 91 repeatedly executes the loop from Steps S3 to 
S5, so that it determines whether or not deterioration arises in 
the test pattern while increasing the amplitude <f> stepwise. 

If the test executing section 91 determines in Step S4 
that deterioration arises, it acquires the peak-to-average ratio R 
of this time from the proportion calculating section 54, and for 
example, determines that a value smaller than the acquired 
peak-to-average ratio R to some extent with a margin as a first 
reference value Rs (S6). The magnitude of the margin may be 
defined beforehand as a specific width for example, or 
alternatively, as a proportion such as a percentage with respect to 
the acquired peak-to-average ratio R. 
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Then, the reference value recording section 92 records 
the first reference value Rs judged by the test executing section 
91 into the conditions recording area 82 (S7). Upon completion 
of this step, the processing by the test executing section 91 and 
the reference value recording section 92 is terminated. After 
that, the control signal calculating section 55 produces a control 
signal Vc based on the first reference value Rs judged by the test 
executing section 91, and inputs the control signal Vc into the 
high-frequency superimposing circuit 12. 

In the case where reproduction is to be performed again 
to the optical disc 26 including the first reference value Rs 
recorded thereon by the reference value recording section 92, the 
test executing section 91 is not required to allow the test pattern 
to be recorded again. In this case, the data acquiring section 
59A operates instead of the test executing section 91, and reads 
out the first reference value Rs recorded in the conditions 
recording area 82 of the optical disc 26. In this case, the control 
signal calculating section 55 produces a control signal Vc with 
reference to the reference value Rs acquired by the data acquiring 
section 59A, instead of the reference value Rs judged by the test 
executing section 91. 

As described above, since the high-frequency 
superimposing control section 5C includes the test executing 
section 91, it can properly control the amplitude <t> of the 
high-frequency signal Vf for the individual optical discs 26. 
Further, since the high-frequency superimposing control section 
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5C includes the reference value recording section 92 and the data 
acquiring section 59A, there is no need for the test executing 
section 91 to perform recording and reading of the test pattern 
every time reproduction is performed to one and the same optical 
disc 26. 

The reference value recording section 92 may allow the 
conditions recording area 82 to record, preferably on top of the 
first reference value Rs, a code for identifying the product type of 
the semiconductor laser driving device, and more preferably a 
code for identifying the individual semiconductor laser driving 
devices. There are some cases where the output characteristics 
of the laser beams slightly differ depending on the product types 
of the semiconductor laser driving devices or on the individual 
products. The arrangement where the optical disc 26 includes 
the identifying codes together with the first reference value Rs 
recorded thereon enables the high-frequency superimposing 
control section 5C to determine whether or not the first reference 
value Rs recorded on the optical disc 26 is worth reference. If 
the first reference value Rs is not worth reference, the 
high-frequency superimposing control section 5C activates the 
test executing section 91 again to judge the first reference value 
Rs. 

(Seventh Embodiment) 

Fig. 18 is a block diagram showing a structure based on 
the function of the high-frequency superimposing control section 
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of a semiconductor laser driving device according to a seventh 
embodiment. The structure of the semiconductor laser driving 
device according to this embodiment is depicted in the same 
manner as Fig. 1, except that the high-frequency superimposing 
control section 5 is substituted by a high-frequency superimposing 
control section 5D of Fig. 18. The hardware structure of the 
high-frequency superimposing control section 5D is depicted in 
the same manner as Fig. 4. 

As is shown in Fig. 18, the high-frequency superimposing 
control section 5D includes, on top of the proportion calculating 
section 54 and the reference value storing section 56 shown in 
Fig. 5, a linear speed acquiring section 95. Further, the control 
signal calculating section 55 is substituted by a control signal 
calculating section 55A. The linear speed acquiring section 95 
acquires a linear speed V of an optical disc 26 at the time of 
reproducing information from the optical disc 26. The linear 
speed acquiring section 45 acquires a rotating speed of the motor 
co from a driven-to-rotate mechanism 32 for example, and 
acquires a position X of the light spot on the optical disc 26 from a 
tracking servo mechanism 38 (see Fig. 14), and then calculates a 
linear speed V from the acquired rotating speed co . 

The control signal calculating section 55A produces a 
control signal Vc in such a manner that the peak-to-average ratio 
R calculated by the proportion calculating section 54 does not 
increase above the value obtained by multiplying the reference 
value Rs stored in the reference value storing section 56 by 
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(V/Vo) times, and inputs thus-produced control signal Vc into 
the high-frequency superimposing circuit 12. Here, the Vo 
indicates a standard linear speed with respect to the optical disc 
26. 

When the information is recorded or erased on the optical 
disc 26, the speed on the recording surface relative to the light 
spot on the recording surface of the optical disc 26, that is, the 
above-described linear speed is set to a constant speed Vo that is 
specific to the format of the optical disc 26. This is the standard 
linear speed Vo described above. However, when there is a need 
of recording large quantity of information in a short period of 
time, it is needed to record the information at a linear speed V 
higher than the standard linear speed Vo. In this case, the light 
quantity per unit time of the light entering onto the recording 
surface decreases, and there is a fear that the recording quality 
may lower. 

Therefore, in order to perform recording at a quality 
equivalent to the case of recording at the standard linear speed 
Vo, it is needed to increase the light quantity per unit time. It is 
known that the light quantity per unit time for the optical disc 26 
made of a phase changing material for example should be 
proportional to the value J~ (V/Vo). Contrarily, in the case where 
the recording is performed at the linear speed V set at a low rate 
satisfying the relationship of V<Vo, it is required to decrease the 
light quantity per unit time. It is also known that, in such a 
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case as well, the light quantity per unit time should be 
proportional to the value J~ (V/Vo). 

The phenomenon that the information recording the peak 
of the light quantity deteriorates at the time of reproducing 
information from the optical disc 26 is equivalent to the 
phenomenon that occurs when the information is recorded. 
Therefore, it can be concluded that the upper limit of the peak 
value of the light quantity that never causes deterioration in the 
record information at the time of reproducing the information is 
proportional to the value J~ (V/Vo). Since the high-frequency 
superimposing control section 5D controls the amplitude <f> of the 
high-frequency signal Vf in such a manner that the 
peak-to-average ratio R is proportional to the value 4~ (V/Vo), the 
amplitude <f> of the high-frequency signal Vf is properly 
controlled even if the linear speed V of the optical disc 26 varies. 

As described above, an inventive semiconductor laser 

driving device includes* a semiconductor laser; a photodetecting 
element for receiving a part of light emitted from the 
semiconductor laser and converting the part of light into an 
electric signal corresponding to a light amount; a laser driving 
circuit for inputting a driving signal into the semiconductor laser 
in such a manner that an average value of the electric signal 
coincides with a given target value; and a high-frequency 
superimposing control section for controlling an amplitude of the 
high-frequency signal, wherein the high-frequency superimposing 
control section controls the amplitude in such a manner that a 
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peak-to-average ratio that is a ratio of a peak value of the electric 
signal with respect to the average value of the electric signal does 
not increase above a given first reference value. 

The amplitude of the high-frequency signal may be 

preferably controlled in such a manner that the peak-to-average 
ratio that is a ratio of the peak value of the electric signal 
corresponding to the light amount of the emitted light with 
respect to the average value does not increase above a given first 
reference value. Therefore, by properly setting the first 
reference value, information can be reproduced from an optical 
recording medium without causing deterioration in the 
information recorded on the optical recording medium. Due to 
this, it becomes possible to perform stable reproduction of 
information from one and the same optical recording medium over 
a long period of time. 

Preferably, the high-frequency superimposing control 

section may further control the amplitude in such a manner that 
the peak-to-average ratio does not decrease below a given second 
reference value equal to or lower than the first reference value. 
The amplitude of the high-frequency signal is controlled in such a 
manner that the peak-to-average ratio does not decrease below 
the given second reference value. Therefore, by properly setting 
the second reference value, it is possible to allow the 
semiconductor laser to stably operate in a multi mode. 

Preferably, there may be further provided a peak 

detecting circuit for receiving the electric signal from the 
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photodetecting element and for detecting the peak value of the 

electric signal. The high-frequency superimposing control 

section calculates the peak-to-average ratio based on the peak 
value detected by the peak detecting circuit. The peak detecting 
circuit detects the peak value of the electric signal from the 
photodetecting element. The peak-to-average ratio is calculated 
based on the peak value detected by the peak detecting circuit. 
As a result, the amplitude of the high-frequency signal is 
precisely controlled. Particularly, even in the case where the 
semiconductor lasers have different relationships between the 
amplitude of the high-frequency signal and the peak value of the 
electric signal from each other, it is possible to prevent 
deterioration in the recording signal at the time of reproducing 
information from the optical disc, and to perform stable 
reproduction over a long period of time. 

Preferably, there may be further provided a temperature 

sensor for measuring a temperature of the semiconductor laser; 
and a storing section for storing data indicative of a relationship 
of the average value, the temperature, the amplitude, and the 

peak-to- average ratio. The high-frequency superimposing 

control section reads out the data from the storing section, so as 
to control the amplitude based on the data, the average value, and 
the temperature. The high-frequency superimposing control 
section reads out data stored in the storing section and indicative 
of a relationship of the average value of the electric signal, the 
temperature of the semiconductor laser, the amplitude of the 
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high-frequency signal, and the peak-to-average ratio, and controls 
the amplitude of the high-frequency signal based on the data, the 
average value, and the temperature of the semiconductor laser. 
In this structure, a peak detecting circuit is not needed. 
Further, the control of amplitude of the high-frequency signal 
taking into consideration the variation in the temperature of the 
semiconductor laser is realized. 

The high-freauencv superimposing control section may 

preferably control the amplitude in such a manner that the 
amplitude decreases as the temperature of the semiconductor 
laser increases. With this arrangement, the amplitude of the 
high-frequency signal is properly controlled even if there is a 
change in the temperature of the semiconductor laser. 

The high-frequency superimposing control section may 

preferably control the amplitude in such a manner that, the 
amplitude decreases as the average value increases if the average 
value is less than a given threshold value, whereas the amplitude 
increases as the average value increases if the average value is 

larger than the threshold value. The high-frequency 

superimposing control section controls the amplitude in such a 
manner that, if the average value of the electric signal is less 
than a given threshold value, the amplitude of the high-frequency 
signal decreases as the average value increases, whereas, if the 
average value is larger than the threshold value, the amplitude 
increases as the average value increases. As a result, a proper 
amplitude control reflecting the relationship between the 
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peak'to-average ratio and the average value is realized. 
Specifically, even when the output of the semiconductor laser 
varies, it becomes possible to prevent deterioration in the 
recording signal at the time of reproducing information from the 
optical recording medium and to perform stable reproduction over 
a long period of time. 

The high-frequency superimposing control section may 

preferably include a linear speed acquiring section for acquiring a 
linear speed V of an optical recording medium from which 
information is to be reproduced by use of the emitted light. The 
high-frequency superimposing control section controls the 
amplitude in such a manner that the peak-to-average ratio is 
proportional to -f (V/Vo) at a standard linear speed Vo which is a 
standard value of the linear speed V. The high-frequency 
superimposing control section acquires the linear speed V of the 
optical recording medium to which the reproduction is to be made, 
and controls the amplitude of the high-frequency signal in such a 
manner that the peak-to-average ratio is proportional to 7~ (V/Vo) 
at a standard linear speed Vo. As a result, the amplitude of the 
high-frequency signal is properly controlled even if the linear 
speed of the optical recording medium varies. 

The high-frequency superimposing control section may 

preferably include a data acquiring section for acquiring the first 
reference value by reading out, from the optical recording medium 
from which information is to be reproduced by use of the emitted 
light and on which an allowance value of the peak value of the 
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emitted light is recorded, the recorded allowance value. The 
high-frequency superimposing control section reads out the 
allowance value recorded on the optical recording medium to 
which reproduction is to be made, and obtains the first reference 
value from the read allowance value. Therefore, the amplitude 
of the high-frequency signal can be properly controlled for each 
optical recording medium. Specifically, even in the case where 
the limit of the power that does not cause deterioration in the 
recording signal largely differs depending on the individual 
optical recording media, it is possible to prevent the deterioration 
in the recording signal at the time of reproducing information 
from the optical recording medium and to perform stable 
reproduction over a long period of time. 

The high-frequency superimposing control section may 

preferably include a test executing section for judging the first 
reference value by recording a test pattern to be recorded into a 
test recording area of the optical recording medium from which 
information is to be reproduced by use of the emitted light and 
which has the test recording area and by reading the test pattern 
while varying the amplitude. The test executing section included 
in the high-frequency superimposing control section records the 
test pattern into the test recording area of the optical recording 
medium to which reproduction is to be made, and judges the first 
reference value by reading the test pattern while changing the 
amplitude of the high-frequency signal. As a result, the 
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amplitude of the high-frequency signal can be properly controlled 
for each optical recording medium. 

Preferably, the high-frequency superimposing control 

section may further include- a reference value recording section 
for recording the first reference value judged by the test executing 
section into the optical recording medium; and a data acquiring 
section for reading out the recorded first reference value from the 
optical recording medium on which the first reference value is 
recorded. The high-frequency superimposing control section 
includes the reference value recording section for recording the 
first reference value judged by the test executing section onto the 
optical recording medium, and the data acquiring section for 
reading the recorded first reference value from the optical 
recording medium. With this arrangement, the high-frequency 
superimposing control section can acquire the first reference 
value of the optical recording medium by reading out the first 
reference value that has been recorded on the optical recording 
medium in the past. Therefore, the test executing section is not 
needed to perform recording and reading of the test pattern every 
time the reproduction is made to one and the same optical 
recording medium. 

The wavelength of the light emitted from the 

semiconductor laser may preferably be 390nm< A <420nm. The 
wavelength A of the light emitted from the semiconductor laser 
is 390nm< A <420nm that is substantially corresponds to a 
blue-color area. Therefore, the peak-to-average ratio is 

53 



P1260US(Amend) 

controlled to fall within a proper range in the wavelength area in 
which the peak-to-average ratio may increase to a high value 
depending on the amplitude of the high-frequency signal. With 
this arrangement, it becomes possible to prevent deterioration in 
the recording signal at the time of reproduction and to perform 
stable reproduction over a long period of time for the optical 
recording medium that employs the wavelength area, that is, the 
optical recording medium that has a high recording density and 
therefore is largely affected by the deterioration in the signal 
caused by the peak power. 

An inventive optical head device includes the 

above-mentioned inventive semiconductor laser driving device. 
Since the optical head device includes the semiconductor laser 
driving device, information can be reproduced from an optical 
recording medium without deterioration in the information 
recorded on the optical recording medium. Specifically, an 
optical head device capable of reproducing information from the 
optical recording medium with high reliability is realized. 

An inventive optical information processing device 

includes the above-mentioned inventive optical head device. 
Since the optical information processing device includes the 
optical head device, information can be reproduced from an optical 
recording medium without deterioration in the information 
recorded on the optical recording medium. Specifically, an 
optical information processing device capable of reproducing 
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information from the optical recording medium with high 
reliability is realized. 

An inventive optical recording medium is an optical 

recording medium from which information is to be reproduced by 
the above-mentioned inventive semiconductor laser driving device 
and which records the allowance value. Since the optical 
recording medium records the allowance value to be read by the 
semiconductor laser driving device, at the time of reproducing 
information from the optical recording medium by use of the 
semiconductor laser driving device, the amplitude of the 
high-frequency signal be controlled in such a manner as to be 
suitable for the optical recording medium. 

Although the present invention has been described in 
detail, the above-descriptions are just exemplary on all aspects, 
and never restrict the present invention thereto. It should be 
understood that an infinite number of unexemplified 
modifications are assumable without departing from the scope of 
the present invention. 

INDUSTRIAL APPLICABILITY 

The oomiconductor laser driving device, the optical head 

device, the optical information processing device, and the optical 
recording medium of the present invention enables reproduction 
of information without causing deterioration in the information 
recorded on the — optical — recording medium, — and is industrially 
useful. 
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ABSTRACT OF THE DISCLOSURE 
In order to make it possible to reproduce information 
recorded on an optical recording medium without causing 
deterioration in the information, a semiconductor laser driving 
device (101) of the present invention includes- a semiconductor 
laser-4±)-; a photodetecting element (£)-for receiving a part of light 
emitted from the semiconductor laser and converting the part of 
light into an electric signal (Vopt) — corresponding to a light 
amount; a laser driving circuit (4)-for inputting a driving signal 
(Id) into the semiconductor laser (4)— in such a manner that an 
average value (Vm) of the electric signal coincides with a given 
target value; and a high-frequency superimposing control section 
(£)-for controlling an amplitude (<t> ) of the high-frequency signal 
(Uf) . The high-frequency superimposing control section 
controls the amplitude (— — ) — in such a manner that a 
peak-to-average ratio (R)-that is a ratio of a peak value (Vp) of the 
electric signal (Vopt) with respect to the average value (Vm) of the 
electric signal (Vopt) does not increase above a given reference 
value (Rs) . 
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